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1.0 INTRODUCTION 


This is the second, June 1989, Monthly Progress Report submitted as Data 
Requirement (DR)-03 of the Advanced Launch System (ALS) Liquid Hydrogen 
Turbopump Advanced Development Program. This program is being conducted by 
Aerojet TechSystems (AT) for the Marshall Space Flight Center (MSFC), National 
Aeronautics and Space Administration (NASA), under Contract No. NAS 8-37593. 

This activity is defined in the Technical Implementation Plan, DR-15. It is 
designed to deliver and support two reliable, low cost, maintainable LH 2 turbo- 
pumps together with Ground Support Equipment (GSE) and Special Test Equipment 
(STE) packages to Stennis Space Center (SSC) for testing. One turbopump will be 
heavily instrumented and cold gas tested to measure the internal pump and turbine 
environments, the second turbopump will be flight type and hot fired. A key addi- 
tional deliverable will be the LH 2 Turbopump Cost Model, which will be calibrated 
with actual hardware fabrication costs and with data from simulated launch support 
and production acceptance activities performed at SSC during the test period. 

Cost and reliability studies, trades, and tests will be performed. Cost reduction 
and/or reliability enhancing technologies will be substantiated by the design, fabrica- 
tion, and test of experimental and demonstration hardware. 

The program covers a 40-month period of performance and is structured in two 
phases: 

Phase I (12 mths) - Preliminary design and cost model development 

Phase II (28 mths) - Detail design, fab., and full scale demonstration 

The program is designed around the Work Breakdown Structure (WBS) shown 
in Figure 1. 

This second month effort can be characterized as one of evolving activity from 
detail planning into the start of major long lead efforts involved with turbopump 
design and supporting experimental work. 
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2.0 SUMMARY 


2.1 SIGNIFICANT ACCOMPLISHMENTS 

WBS 1.1.1 - The point of departure (POD) turbopump concept was 
reviewed and finalized during the report period (Figure 2). The basis for the POD 
was the configuration presented in the Aerojet proposal. After reviewing this pro- 
posal concept, several modifications were made. These modifications are outlined 
below with brief comments on the logic for incorporating them: 

a. The dual pump discharge arrangement was changed to a single dis- 
charge. The complexity of extra ducting, and flex joints was not justifiable in the 
STME/STBE engine system. Radial loads resulting from the unsymmetrical pres- 
sure gradients are felt to be manageable with the single-discharge, double tongue 
configuration selected. 

b. Commonality of the turbine inlet manifold with the ALS LOX TP A 
was dropped for this program. The reason was to avoid the inevitable delays which 
would be experienced in attempting to attain commonality with another contrac- 
tor's configuration, which is also in a conceptual phase and subject to change. The 
turbine inlet will be sized specifically for the LH 2 TP A, and will be reduced in size as 
a consequence. 

c. The turbine housing flange arrangement was improved by relocating it 
away from the first stage nozzles. The large thermal mass, previously in close prox- 
imity to the thin nozzle trailing edges, posed a potential cracking problem due to dif- 
ferential thermal expansion. 

d. A 10% head margin (5% diameter increase) was built into the impeller 
design to ensure meeting the required discharge pressure without the need for 
increasing speed. 

e. A 10% turbine power margin was imposed, to be obtained by increasing 
turbine inlet pressure if required. The impact is a 10% higher design pressure for 
the turbine inlet manifold and the gas generator. 
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Figure 2. Turbopump POD Design Configuration 



2.1, Significant Accomplishments (cont) 

f. The backup concept, as an alternative to the use of cast impellers, will 
now incorporate forged /machined shrouded impellers, rather than the unshrouded 
type originally planned. 

Extensive discussions were held with Mechanical Technology Inc. (MTI) 
on definitization of the scope and cost of their planned participation in the program. 
MTI will support the program in the areas of bearing/ seal analysis and tradeoffs, 
bearing materials tests, lift-off seal design, instrumentation and test planning. It is 
anticipated that the MTI effort will commence during the July reporting period. 

A meeting was held at Aerojet during the report period with NASA-SSC 
personnel. A productive discussion of instrumentation and test requirements took 
place at this session. 

WBS 1.1.6 - Conceptual design of the test cart for LH 2 turbopump tests was 
initiated. Use of off-the-shelf hardware for this unit is being emphasized to mini- 
mize cost. 

WBS 1.2.2 - Discussions were initiated with candidate test laboratories for 
performing materials tests on existing PCC-supplied cast Ti-5A1, 2.5Sn test bars. 

WBS 1.2.4 - Procurement activity on the cast titanium impellers intensi- 
fied during the report period. A CAD package (Figure 3) was completed defining a 
"typical" cast titanium impeller suitable for feasibility testing. The design is as close 
to the final LH 2 ADP turbopump impeller design as is possible at this stage in the 
program. Responses were received from all solicited suppliers and viable candidates 
were identified. The responses indicated a potential schedule problem in this area. 
This is being worked at present, and is discussed further in Section 3.0 of this report. 

WBS 3.1.0 - A program kick-off meeting was conducted at MSFC on 8 June 
1989. A copy of the presentation package is included in this monthly progress report 
(Attachment 1) for record purposes. 

On 9 June 1989 a test facility interface meeting was held at MSFC with 
Stennis Space Center (SSC) personnel in attendance. Requirements for LH 2 TPA 
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2.1, Significant Accomplishments (cont) 


testing were discussed, a tentative schedule for future meetings was established, and 
action items were assigned. 

Aerojet worked on two action items from the test facility interface meet- 
ing: 

a. A listing of instrumentation for the LH 2 turbopump tests showing 
types of sensors, quantities, ranges, and sampling rates. 

b. After receipt of the SSC basic test facility definition, preparation of 
sketches showing the orientation of the turbopump in the test facility was initiated. 
This will be delivered in the July reporting period, along with the required fluid 
flows and conditions at the interface points. 

Cost Account Plans (CAPs) were finalized and put in place during the 
report period. The required effort is now authorized and proceeding. 

To enhance our simultaneous engineering approach (an essential TQM 
element) key personnel will be colocated within a dedicated ALS office area next 
month. 


WBS 4.1.0 - Delivery of data items will henceforth be reported under 
Section 2.6 "Correspondence". 

2.2 SCHEDULE 

All tasks are on-schedule at close of this reporting period other than the 
cost model, which requires NASA input before major effort can commence. 

The Master Schedule for the LH 2 Turbopump Program is shown in 
Figure 4. Milestones are defined in the Milestone Dictionary, Figure 5. The DR 
delivery schedule is given in Figure 6. Figure 7 shows the percentage completion on 
the ALS Master Network. All schedules indicate program status as of close of the 
reporting period. 
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Figure 4. Master Schedule 




ALS LIQUID HYDROGEN TURBOPUMP MILESTONE DICTIONARY 

CONTRACT No. NAS8-37593 
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Figure 5. Milestone Dictionary 
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2.0, Summary (cont) 

2.3 MANPOWER 

Figure 8 presents our manpower assessment of the program, showing 
cumulative manhours expended versus those planned. For this accounting month 
of June 1989 (20 May program start through 23 June), we were 16% under budget. 

2.4 PLANNED WORK FOR NEXT REPORTING PERIOD 

2.4.1 Place MTI under subcontract and initiate effort. 

2.4.2 Select supplier for cast titanium impellers and place under subcon- 
tract. 

2.4.3 Initiate procurement process on test bars for materials testing pro- 
gram. 

2.4.4 Continue baseline turbopump preliminary design effort. 

2.4.5 Continue conceptual design of test cart. 

2.4.6 Start low cost trade studies effort using POD design as the reference 

point. 

2.4.7 Submit test instrumentation data for SSC. 

2.4.8 Initiate cost model work. 

2.5 CORRESPONDENCE 

The following lists correspondence and data received from and transmit- 
ted to NASA during the reporting period: 
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Figure 8. Total Hour Budget vs. Actual 




2.5, Correspondence (cont) 


Incoming 

Corres. 

Date 

5/22 


5/25 


6/5 

6/9 


6/16 


Subject 

Contract NAS8-37593, copies for 
signature 

NAS 8-37593, Appointment of 
Contracting Officer's Technical 
Representative 

Contract NAS8-37593 

New Technology Reporting 
Requirement of Contracts 
NAS8-37593, NAS8-38073, and 
NAS8-38074 

Contract NAS8-37593, 
Modification No. 1 


Originator 

CC Mitchell / N AS A-MSFC 

CC Mitchell / NAS A-MSFC 
I Akbay/ NAS A-MSFC 

CC Mitchell /NAS A-MSFC 


Outgoing 

Corres. 

No. 

Date 

Subject 

Originator 

9001:0001 

6/1 

Contract NAS8-37593, 
Acknowledgement 

CS Montgomery 

9001 :DM2360 

6/9 

Contract NAS8-37593, 
Financial Management Report 
533M, DR-01 

CS Montgomery 

9001:DM2372 

6/16 

Contract NAS8-37593, 

Monthly Progress Report, DR-03 

CS Montgomery 

9001:DM2375 

6/23 

Contract NAS8-37593, 
Facilities Plan DR-04, 
29 June 1989 

CS Montgomery 

9001:DM2392 

6/23 

Contract NAS8-37593, 

CS Montgomery 


Government Furnished Property 
(GFP) Management Plan, DR-06 
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3.0 TECHNICAL PROBLEMS AND PROPOSED SOLUTIONS 


3.1 Responses from casting suppliers indicate that receipt of production- 
standard deliverable cast impellers may occur after the planned end date for Phase I. 
Development castings will be available during Phase I, which will support determi- 
nation of material properties using test bars extracted from actual castings. The 
schedule may not, however, support planned spin testing of cast impellers in 
Phase I. 

Aerojet will attempt to improve the schedule in meetings with suppliers 
during the July report period. One possibility would be to produce the deliverable 
castings in the supplier's development facility, rather than the production facility as 
now planned, avoiding the changeover delay. 

4.0 SPECIAL NASA CONCERNS 

4.1 During the conceptual design effort on the test cart, it became apparent 
that a cart for each turbopump, cold gas and hot gas, would greatly expedite trans- 
portation, handling, and testing of the test articles during Phase II. The present 
scope calls for fabrication of one test cart only. Aerojet recommends inclusion of a 
second test cart to improve test operations productivity. 

4.2 NASA needs to provide Aerojet with the Contract End Item Specification 
to facilitate construction of the Cost Model architecture. 
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Attachment 1 


Kickoff Meeting Charts 


RPT/D0163.35 


16 


I to i 
8B| 

z it 2 


17 


M4CMVALS H2 TPA/3 




18 


M4M/ALS H2 TP A/3 



a. 

K 


Z 

UJ 

IS 


lu j 

□ “ 

IU S 


O) 

*35 

4> 

■o 

<D 

c 

O) 

c 

a> 


a> 

JQ 

« 

(5 

> 

a> 

o 

C r 
(0 

g § 

si 

a> « 
a. T3 

co <o 

.2 o 

^ o> 

0) C 

0 0) 

= 1 

0) o 

1 5 


u. 

< 

CO 


C k. 

o o 

O) o 
C £ 

E 5 

5 E 

> a 

^ D> 
O O 

3 £ 

(0 
O -I 
O < 


o 

o> 

0) 

> 

a> 

* 


o 

3 

? S - 
2: co 

_ CO 

co 2 
o £ 
o co 

. 3 

o -Q 

^ CO 
jo c 

CO o 

§>^ 

i- o 

3 M 

° & 
0 ) co 

IE 

o o 

CO C 

o -5 


a 

u. 

(0 

s 

I 

< 

(0 

< 


c 

o 

CO 

E 

o 


19 


M4DWALS H2 TPA/3 



20 


M4DWALS H2 TP A/3 
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Technologies Derived From 
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Reliability Assessments 
Throughout The Program 
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Validation of Internal Environment 


Cost Is Assessed 
Throughout The Program 
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Performance Is Assessed 
Throughout The Program 
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Participative Supplier Base 
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On-Machine Inspection 
Automated Balancing 


Emphasis On TQM 
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• Cost Model Anchored With Program Data: 

Projected Recurring Production and Operations Costs 

— Recommended Specification and Procedure Savings 
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Option to Operate One Test Article in 
STME (LHg) and STBE (LCH4) Modes 
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Program Achieves Phase I Objectives 
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Turbine Disc Optimization 
— Blade Chord Reduction 



Baseline Design Will Include Developments 

of Phase A Studies 
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Update POD Design Serves As 
Anchor For Low Cost Studies 
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• Maintainability 

• Commonality 
GSE/Test Cart Concept 
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M4D9/ALS H2 TP A/3 
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M408/ALS H2 TPA/4 



Proven Pump Analysis 
Codes Will Be Used 
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M4D9/ALS H2 TPA 



Pump Design Elements Are Integrated 
Into A Concerted Analysis Effort 
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4 eroj!et Turbine Design Elements Are Integrated 
TechSystems Into A Concerted Analysis Effort 
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M409/ALS H2 TPA 



Dynamic Analysis Elements Are Integrated 
Into A Concerted Analysis Effort 
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Proven Thermal Analysis 
Codes Will Be Used 
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Thermal Analysis Elements Are Integrated 
Into A Concerted Analysis Effort 
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M4D9/ALS H2 TPA 



genqjrp Stress Analysis Elements Are Integrated 
TechSystems Into A Concerted Analysis Effort 




h 

o 

5 

X' 

H-" 

h 

h 

CD 

X 

X 

0 

o 

X 

h* 

h 

O 

X 

H 

o 

o 


h 

CD 

o 

O 

Li 

Ll 

O 



mm 


























CO* 

CO 

CO 

CO 

CO* 

CO 


CO 

Tf 

Tt 




CM - * 

CM* 

cvT 

i; 

CM 

cm* 

CVJ 

CM 

CM 

CO* 

CM 

CO 

CM* 

CM* 

T"* 


l 

CO 













cvT 

CM 

CM 




Tf 



CM 



! 


"T- 

T* 

r* 

CM 

CM 

CM 

CM 



T" 

T— 

1 Q 

Q 

Q 

Q 

Q 

K 

Q 

Q 

o 

o 

Q 

o 

j— 

A 



1 °- 

0. 

q. 

0. 

0. 

I- 

1- 

H 

i— 

\— 

Q- 



! Q 

1 2 
| UJ 

1 -J 

Q 

2 

ill 

_i 

Q 

2 

UJ 

_i 

Q 

2 

UJ 

Q 

2 

UJ 

Q 

2 

UJ 

Q 

2 

UJ 

_i 

Q 

2 

UJ 

_i 

Q 

2 

UJ 

_i 

Q 

2 

UJ 

_i 

Q 

2 

UJ 

LEMD 

LEMD 




HHH 


Q 9 


O o 
© <5 "E 

== (/> Q- 

® 3 P 

£ £ 3 

J= Q 0. 



u 

& 



w 

X 


© 

c 

D) 

c 

co 

CO 


© 

© 

"© 

CD 

© 


Up 

© 

3 

o 

C 

'© 

3 

O 

X 

2 

© 

c 

© 

a 

o 

z 

o 

© 

5 

3 

© 

£ 

X 

UJ 


c 

© 

© 

© 

LL 

w 

2 

a. 

E 

3 

O) 

Cl) 

© 

© 

© 

© 



Q. 

c 

'C 

(0 

c 

1 

c 

5 

k_ 

c 

1 

c 

€ 

c 

1 

15 

O) 

i 

i 

<D 

CD 

1 - 

3 

1 - 

3 

H 

H 

3 

h* 

w 

LL 

3 

H 

in 

cd 


cri 

o> 

10 . 

• 

T“ 

cvi 

1 — 

CO 


2 O) 

"D *5> 

§ a 

I § 

% W 


59 





60 


Rolling Element' 

Hybrids 

Hydrostatic 




oS 


£ 

% 

0) 


£ 

.2 

£ 


CO 

a> 

CD 



H 

£ 

CO 

c 

o 

o 

0> 

o 

c 

CO 

"3 

0) 

H 

« 

0> 

1- 

d> 

p 

kn 




CO 

CO 

CD 

CO 

o 

r 

a> 

$ 

0> 

$ 

a> 

0) 


o> 


CL 

O) 

CO 


c 

c 

jO 

O 

2 

JJ 

5 

£ 


o 

C 

CO 

c 

CO 

oc 

O 

o 

o 

o 

o 


c 

c 

CO 

O) 

0) 

0) 

■w 

c 

o> 

o> 

£ 

■MB 

o 

o 

a 

o 

> 

1— 

> 

2 

GC 

o 

6 


0)^5 = 


I I I I 


co 

oS 

0 > 


o> 

c 

2 

o 

CO 

k. 

o 


o 

w 

o 

0 

o 

CO 

CO 

0 > 

CO 

1 



61 


M4DWALS H2 TP A/3 



Bearing Materials Will Be 
Systematically Evaluated 
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IMM/ALS H2 TP A/4 



Multi-Pronged Approach to 
Stress Corrosion Cracking Issue 
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Alternates (Test Program) 

Surface Treatment (Test Program) 
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Phase II Casting Development and Refinement 

• Development and Refinement of Cast Impellers, 
Manifolds, and Housings 


Mechanical Properties Evaluation 
For Cast Components 
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Preliminary Material Properties Evaluation, T - Tensile, F - Fatigue 
(LCF, HCH), CG - Crack Growth, SR - Stress Rupture 




Bencorp Design Approach To 

4erojet Ensure Producibility 

TechSystems 
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mpromise to Performance if Necessary 



Parametric Analyses Will Be 
Used To Select Minimum 
Cost Design Configurations 
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ADS Code 


We Will Perform Design Trade Studies to Ensure 
Gencdrp 3 Reliable, Low Cost, Maintainable Design 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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ORIGINAL PAGE IS 
OF POOP QUALITY 


* Selection for Point of Departure Design 



Maintainability Options Listing 



71 


Selection for Point of Departure Design 




Commonality Provides Substantial 
Development and Life Cycle Cost Benefits 
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Results Of Low Cost Studies Will Be 
Incorporated In Baseline Design 


s 

1 




Q. 

4) 

O 

c 

o 

o 


CO 

o 

ts 

0) 

t 

LU 

CO 

o 





0. 

£ 


Z 

UJ 

ID 


tof 

□ 5. 
IU $ 


73 


• Begin Instrumented Design 


Laboratory Tests 
(W.B.S. 1.2.0) 
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M40S/ALS H2 TPA/3 
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Key Issues Addressed 
In Test Programs (Cont) 
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Key Issues Addressed 
In Test Programs (Cont) 
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Tests Will Confirm Properties 
Of Critical Materials (WBS 1.2.2) 
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Perform Tests in Simulated Environments 

— HEE - Aerojet Hydrogen Materials Test Facility 

— Turbine Materials - 1200°F Simulated Combustion Gas 

— Pump Materials - LH 2 


Materials Tests Address 
Needs Of Specific Components 
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Casting CAD Drawing For Titanium 
Impeller Is In Progress 
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Spin Tests at Cryogenic Temperature Are Desirable. 
Now Investigating Means of Accomplishing This 


Impeller Testing Schedule Supports PDR 


a 

2 


. CA 

tu | 

of* 

It -g 

in IV $ 
ILI ^ H 


Z 

UJ 



86 


2.4.0.43 



Turbine Blade Test Approach 
Keyed To Analytical Results 
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Turbine Blade Program Schedule 
Supports PDR 
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Select Test Facility 


Bearing/Seal Test Configuration 
Has Been Defined 
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Brg/Seal Test Preparation Schedule 
Leads to Early Phase II Test 
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One Program Already Identified tor inciusioi 
— Extended A-286 TMP Turbine Blade Life 
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bencdrp phase I Cost Model Deliverables 

4cROJc l 
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M4D9/ALS H2 TPA/4 
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Today: 20-30% (STME/STBE Studies) 
Phase II End: 5-10% 



O&S Costs Will Be Addressed 
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Specifications And Procedures 
Impacts Analysis 
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And Test 



Phase II Focused On 
Turbopump Fabrication And Test 
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Cost Model 

— Data Base Development 
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We Will Perform Trade Studies to Enhance 

Design Producibility 
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Detail Design Provides Drawings For All 
Equipment Required For Testing At SSC 
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Phase II Detail Design and Analysis Methodology 
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Phase II Laboratory Testing 
Supports Detail Design 
(WBS 2.2.0) 
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Will Run Duty Cycle Simulating Mission Operation 

All Hardware Fab and Test Planning Accomplished in 
Phase I 



Bearings and Lift-Off Seal Will Be Rig-Tested 
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• Existing Facility Drive Turbine Will be Used. 

• GN (50-1 50°F @ 50 psia) Will be Used as Drive Gas. 





Brg/Seal Test Schedule Supports 

Detail Design 
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Turbopump Fabrication 
And Testing 
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M4DWALS H2 TP A/3 



Prototype Turbopump Fabrication 
Will Support Test Program 
And Calibrate Models (WBS 2.3.0) 
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Procure/Fab Hardware for Two 
Turbopumps Plus Critical Spares Plus 
Assembly Tooling 
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Assy/Teardown — Casting Inspection 
Balancing — Transportation/Storage 
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GSE/STE Fab Complete - Month 32 
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Key Test Objectives Defined for Cold-Gas Test 
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'Planned test speed may be adjusted after critical speed analysis 
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M4D9/ALS H2 TPA/3 


Phase II — Cost Model Deliverables 

Completed Detailed Cost Model 
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Multiple Approaches To Reduce The 
Magnitude Of Uncertainties 
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Emphasis On Production 
Operations Costs 


Stef 

u Bg- 

Z ft ^ 
UJ II O 
in UJ o) 
UJ ^ H- 


o g. 

® E 

11 

2 3 CO 

g H O 

^ g w 

■s ^ 0 ) 
=5 H H 


M- O) 

0 C = 

CO g 5 

5 E 8 
.2 a c 

■g‘5 o> 

o o* c 
= 111 ui 
a_ _ 


? i 

O E 

3 

"3 §■ 
® -E 

a> = 
o r- 

C M- 

co o 


o 

co co 

UJ <5 — 

</> >.3 

<3 « 2.-S s 


#J Q. 

U CD 

(0 o 
co o 

^ < 

® ■D 
CO <D 

II 

"5 o 

a> Ql 
a ^ 

O r 

+* co 
co o 
o> 

V 

< i 


123 


• Audit Specifications and Procedures Impacts 

— Manufacture 

— Operations 

Tom Peters Group Contributes Unbiased Perspective 
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Logistics Down-time 
Packaging and Preservation 
Administration 


BenCdrp Phase II Cost Model Activities 
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Pressure Margin. 

Lift-Off Seals Short Axial Length; Cocking Two Interchangeable Concepts 

Test Article Damage in Transport and/or Two Test Articles 

Test 




Program Status 
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M4D9/ALS H2 TPA/4 


Communications 
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